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CONVERSION FACTORS

For use of readers who prefer to use metric (International System) 
units, rather than the inch-pound units used in this report, the following 
conversion factors may be used:

Multiply inch-pound unit By

foot (ft) 0.3048

foot per day (ft/d) 0.3048 

cubic foot per second (ftVs) 0.02832

inch (in.) 25.4

inch per year (in/yr) 25.4

mile (mi) 1.609

square mile (mi 2 ) 2.590

To obtain metric unit

meter (m)

meter per day (m/d)

cubic meter per second 
(mVs)

millimeter (ram)

millimeter per year 
(mm/yr)

kilometer (km)

square kilometer (km 2 )

Sea level: In this report "sea level" refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929) a geodetic datum derived from a 
general adjustment of the first-order level nets of both the United States 
and Canada, formerly called "Sea Level Datum of 1929."



SIMULATION OF GROUND-WATER FLOW IN THE MISSISSIPPI 

RIVER VALLEY ALLUVIAL AQUIFER IN EASTERN ARKANSAS

By Gary L. Mahon and A.H. Ludwig 

ABSTRACT

The U.S. Geological Survey's participation in a study of the water 
resources in eastern Arkansas involved the development and calibration of a 
digital ground-water flow model of the Mississippi River Valley alluvial 
aquifer and the use of that model to evaluate the effects of future pumping on 
the saturated thickness of the aquifer. The study was prompted by the growing 
concern about significant water-level declines in the alluvial aquifer north 
of the Arkansas River.

Thickness of alluvial sediments in the study area ranges from 125 to 200 
feet and averages about 150 feet. The most permeable material lies in the 
lower part of the sediments and averages about 100 feet in thickness. 
Hydraulic conductivity of the aquifer ranges from about 120 to about 390 
feet/day.

Recharge to the aquifer occurs mainly by percolation through the 
overlying confining layer in interstream areas and by seepage through river 
beds. A small amount of recharge also comes from the sediments underlying the 
alluvium. Recharge rates in interstream areas range from less than 1 to as 
much as 10 inches in areas where recharge from underlying sediments is 
substantial.

Digital model simulations were made to represent flow in the aquifer and 
to quantify flow into and out of the system. The dynamic ground-water system 
was simulated by using seven stress periods between 1917 and 1987. Pumpage 
used in the simulation ranged from 86,950,000 to 420,970,000 cubic feet per 
day. Pumpage was distributed uniformly over each county after eliminating 
areas where the predominant land use precluded ground-water withdrawals.
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Storage coefficient values of 0.3 and 1x10 for unconfined and confined
aquifer conditions, respectively, were used in the simulations.

The effects of increased future pumpage on saturated thickness of the 
aquifer are shown for each decade from 2000 to 2050. The pumpage projections 
are based on projected water needs as determined by the U.S. Soil Conservation 
Service assuming two scenarios, one without and one with conservation measures 
in place. They assumed that conservation measures in 1990 would decrease 
pumpage by about 9 percent, and that the percentage decrease would be about 30 
percent by the year 2040.

There were no critical areas where saturated thickness of the alluvial 
aquifer was 20 feet or less in 1980. However, model simulation indicated that 
projected pumpage for 2050 would result in less than 20 feet of saturated 
thickness in 422 of the 1,595 active cells (2,430,720 acres) if conservation



measures were not in place and 258 (1,486,080 acres) of the active cells with 
conservation measures in place. Simulation indicated that these critical 
areas would be in the Grand Prairie; west of Crowleys Ridge, in all or part of 
St. Francis, Cross, Poinsett, and Craighead Counties; and east of Crowleys 
Ridge in all or part of Crittenden, St. Francis, Cross, Poinsett, and 
Mississippi Counties.

INTRODUCTION

This study is a component of the U.S. Army Corps of Engineers' Eastern 
Arkansas Region Comprehensive Study (EARCS), which began in 1985. The EARCS 
is a multiagency study comprising work activities by the U.S. Army Corps of 
Engineers, Memphis District; the U.S. Soil Conservation Service; the Arkansas 
Soil and Water Conservation Commission; the U.S. Geological Survey; and the 
University of Arkansas. The primary objective of the EARCS is the feasibility 
determination of developing hydraulic structures for supplying irrigation 
water from surface sources for use in areas of potential ground-water 
deficiency. Other objectives of the feasibility study include an assessment 
of future irrigation water needs and an evaluation of the capability of the 
Mississippi River Valley alluvial aquifer (hereafter referred to as the 
alluvial aquifer) to meet these needs.

To accomplish the forementioned objectives, work activities were divided 
as follows: the U.S. Soil Conservation Service provided data on cropping 
patterns, irrigation-water needs for certain land-use and soil-type 
combinations, the cost of changing crop patterns in areas where irrigation 
needs cannot be met, power costs, and projected water needs by decade to 2040. 
Development and calibration of a ground-water-flow model of the alluvial 
aquifer and assessment of the effects of future pumping on the aquifer was 
done by the U.S. Geological Survey. The development of the methodology for 
determining a sustained yield pumping strategy and the application of the 
strategy to the aquifer system, as simulated by the Survey's flow model, was 
done by Dr. Richard Peralta, University of Arkansas.

Purpose and Scope

This report documents the calibration procedure for the flow model of the 
alluvial aquifer and describes the effects of projected future withdrawals on 
the saturated thickness of the aquifer. The area of interest includes all or 
part of 23 counties in eastern Arkansas north of the Arkansas River (plate 1). 
For modeling purposes, however, it was necessary to include about 1,3^0 square 
miles (mi 2 ) of southeastern Missouri in the area of study. The study is 
limited to a definition of the flow regime and effects of pumping in the 
alluvial aquifer.



Previous Investigations

Many reports that describe local hydrologic conditions have been 
published by the U.S. Army Corps of Engineers, the U.S. Geological Survey, and 
other State and Federal agencies. Reports that describe regional aspects of 
the alluvial aquifer and contain references to many of the reports describing 
local conditions include those by Krinitzsky and Wire (1964) and Boswell and 
others (1968). More recent reports by Griffis (1972), Broom and Lyford 
(1981), Peralta and others (1985), and Ackerman (1989) describe the results of 
modeling of ground-water flow for parts of the alluvial aquifer.

GEOHYDROLOGY

The Mississippi River Valley alluvial aquifer underlies nearly all of the 
study area except for Crowleys Ridge. The alluvial sediments can be described 
simply as being divided into a lower unit or aquifer, which is composed of 
coarse sand and gravel grading upward to fine sand, and an upper confining 
unit, which is composed of clay, silt, and fine sand. However, when examined 
in detail, wide variation in lithology can be noted within short distances. 
Channel fill, point bar, and backswamp deposits associated with present or 
former channels of the major rivers can produce abrupt differences in 
lithology, which result in large spatial variations in the infiltration 
potential of the upper confining unit as well as the hydraulic properties of 
the aquifer.

The vertical and lateral distribution of the alluvial sediments was 
determined from driller logs obtained from the Arkansas Geological Commission. 
The thickness of the alluvial sediments generally ranges from 125 to 200 feet 
and averages about 150 feet. The thickness of the lower part, or aquifer, 
ranges from 30 to 180 feet and averages about 100 feet (plate 2). The aquifer 
is thickest where the upper confining unit is thin or absent or where 
depressions occur in the underlying Tertiary sediments. The upper confining 
unit generally ranges from 1 to 50 feet in thickness but is as much as 70 feet 
thick in places, mainly in the Grand Prairie (plates 1 and 3).

Crowleys Ridge constitutes a hydrologic barrier to the movement of water 
in the alluvial aquifer as well as a prominent topographic feature on an 
otherwise flat alluvial plain. The ridge trends north to south through 
northeastern Arkansas and bisects the alluvial aquifer. The ridge is an 
erosional remnant of strata of Tertiary age and is capped by several tens of 
feet of loess in places.

Recharge to the alluvial aquifer comes principally from precipitation, 
which averages about 49 inches annually (Freiwald, 1985). Moisture reaches 
the aquifer by percolation through the fine-grained material in the confining 
layer above the aquifer. An unknown, but probably small amount of recharge is 
derived from the formations of Tertiary age underlying the alluvium and from 
the formations of Paleozoic age which flank the western side of the valley. 
Infiltration of water from streams and lakes, particularly those which are in 
good hydraulic connection with the aquifer, is an important source of 
recharge. Recharge also may occur from downward seepage from irrigated lands 
(Boswell and others, 1968).



Ground-water movement in the alluvial aquifer generally is southward but 
locally is toward streams and toward areas of large withdrawals, such as in 
the Grand Prairie area and in the upper L'Anguille River basin. In some areas 
flow may be away from the streams, especially during periods of high stream- 
flow and ground-water pumpage. Regional ground-water movement is controlled 
by the generally southward slope of the Mississippi River Alluvial Plain 
(plate 4). The ground surface slopes from an altitude of about 310 feet above 
sea level at the Arkansas-Missouri State line to about 140 feet at the 
confluence of the Mississippi and Arkansas Rivers.

DESCRIPTION OF DIGITAL MODEL

A three-dimensional finite-difference ground-water flow model (McDonald 
and Harbaugh, 1984) was used to simulate the stress-response relation for the 
alluvial aquifer. The flow model is modular in its programming structure, 
which allows for use of program packages to simulate various hydrologic 
effects on the flow system. The solution algorithm used for this study was 
the Strongly Implicit Procedure (SIP) (McDonald and Harbaugh, 1984) iterative 
technique.

Flow in the alluvial aquifer was modeled as being two-dimensional, that 
is, flow was considered in only one layer. The single-layer representation 
was believed to be adequate for the needs of this study, although it is a 
simplification of the generally accepted concept of flow in the system which 
allows for a small amount of inflow from the Paleozoic and Tertiary rocks 
adjacent to and underlying the alluvial aquifer.

The model consisted of a rectangular grid of 70 rows and 52 columns of 
cells, with each cell representing an area measuring 3 miles on each side 
(plate 5). The area modeled was represented by 3,640 cells, of which 1,595 
were active cells representing the alluvial aquifer.

Boundaries

The lateral boundaries of the model included the Mississippi River on the 
east and the Arkansas River on the south. The Mississippi and Arkansas Rivers 
were considered to fully penetrate the aquifer and interact with the aquifer 
essentially as constant-head boundaries. The rivers were modeled as active 
cells, however, and will be described in further detail later in this report.

No-flow boundary conditions were applied to several geohydrologic 
conditions during model simulation. The Paleozoic to Tertiary rocks that form 
the western boundary of the aquifer were considered to be essentially 
impermeable and a no-flow boundary was therefore applied. The amount of water 
exchanged between the alluvium and the underlying rocks is believed to be 
relatively small, so the bottom of the alluvial aquifer also was modeled as a 
no-flow boundary. Crowleys Ridge, which bisects the alluvial aquifer, was 
modeled using a no-flow boundary condition because the flow direction is away 
from the ridge in some areas, and water levels on opposite sides of the ridge 
may vary as much as 20 to 30 feet (Plafcan and Edds, 1986; Plafcan and Fugitt, 
1987). Potentiometric maps suggest that ground water does not flow through 
the sediments comprising Crowleys Ridge.



Because no natural hydrologic boundary existed at the northern end of the 
study area, the model grid was extended northward into Missouri and expressed 
as a constant-head boundary to allow for ground-water flow from outside the 
area of interest. Row 1, the northernmost row, in the active part of the 
model was designated as a constant-head boundary.

Simulation of Interstream Recharge

Recharge to the alluvial aquifer occurs in interstream areas as 
percolation of precipitation through the aquifer's overlying confining unit. 
Interstream recharge has been estimated previously by model simulation 
generally to be less than 2 inches/year (Ackerman, 1989; Broom and Lyford, 
1981; Sumner and Wasson, 1984) for predevelopment conditions in eastern 
Arkansas. This rate has increased since predevelopment (D.J. Ackerman, U.S. 
Geological Survey, written commun., 1988) which suggests that recharge is 
dependent on the hydraulic gradient across and the hydraulic properties of the 
confining unit. However, the forementioned hydraulic properties are seldom 
measured in the field.

The "River Package" (McDonald and Harbaugh, 1984) was used to simulate 
recharge in the flow model. This subroutine computes the rate and direction 
of flow dependent on riverbed conductance and the difference between a 
reference water level and the head in the aquifer. Riverbed conductance is 
further defined in a cell as a function of the vertical hydraulic conductivity 
and thickness of the riverbed sediments, the width of the wetted riverbed, and 
the length of the river in that cell. The flow is computed for each cell 
designated as a river cell based on the hydraulic parameters specified.

The reference water level in the flow model for the interstream areas 
represents the altitude of land surface, assuming this level is the maximum 
driving force for the areal recharge. The bottom of the confining unit was 
assumed to be equivalent to the riverbed bottom in the "River Package." 
Consequently, the thickness of the confining unit, along with the assumed
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value of 1x10 ft/d for vertical hydraulic conductivity (Ackerman, 1989), was
used in initial calculation of the riverbed conductance value. The resulting 
conductance values were adjusted during calibration to achieve an adequate 
representation of the ground-water system. Adjustment of the conductance 
value also was necessary to compensate for the small amount of water entering 
the system from adjacent and underlying Paleozoic and Tertiary aquifers.

Simulation of Rivers

Nine rivers (plate 1) in eastern Arkansas were modeled because of their 
interaction with the alluvial aquifer. Several of the rivers provided a large 
amount of recharge to the alluvial aquifer; however, there are several areas 
where the aquifer discharges through the rivers. Some river reaches have only 
a small degree of interconnection with the aquifer and, consequently, there is 
little exchange between the river and the aquifer. Parameters controlling the 
interconnection between the aquifer and rivers are seldom quantified from 
field observation, so this value commonly is estimated initially and 
ultimately "backed out" of the model calibration.



The Arkansas and Mississippi Rivers have a high degree of interconnection 
and function essentially as constant-head boundaries. The high degree of 
interaction is modeled by assigning a very high conductance value in the input 
data for the "River Package." The high conductance value is assumed 
appropriate because of the large wetted river width and the deep penetration 
of the river into the aquifer. Hydraulic conductivity of the riverbed
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materials was assumed to be 1x10 ft/d. Measurements in the field show
little difference between stage in the river and head in the aquifer measured 
in wells adjacent to the river. Comparison of computed aquifer heads and 
reference water levels show that the difference in these river wells may vary 
by less than 0.01 feet.

Other rivers have varying degrees of interconnection, sometimes on the 
same river reach. Conductance values for these river cells are computed using

_2 
a hydraulic conductivity value of 1x10 ft/d. The reference water level
corresponds to an average stage in the river. The river width was estimated 
from field observation and topographic maps, while the riverbed bottom was 
assumed to be 10 feet below the river bottom.

Data Preparation

Input data for the model were obtained from several sources including 
water-level records, drillers' logs, the files and computerized data bases of 
the U.S. Geological Survey (well data), and the computerized data of the U.S. 
Soil Conservation Service (soil and water-use data) bases. The data bases 
used were referenced to specified cartographic projections; and, for this 
reason, the positioning and orientation of the model grid was computed and 
plotted by computer program such that the coordinates of each intersection 
point on the grid were defined in accordance with the desired land net used as 
a base. To accommodate the needs of the various agencies, two map coordinate 
systems were used; latitude and longitude and Universal Transverse Mercator 
(UTM). The model grid was based on a Lambert conformal conic map projection 
with the grid origin at latitude 36°38'21" N and longitude 92°17'01" W.

Contouring packages used in the study to compute the land surface 
altitude, altitude of the top and bottom of the aquifer, and thickness of the 
aquifer and confining layer required the coordinates of the centers of each 
cell. Computer software was written to determine the center of each cell and 
to tabulate the county, latitude and longitude coordinates, UTM coordinates, 
and the drainage basin for each cell in the model.

Hydraulic conductivity of the porous material in the alluvial aquifer 
ranges from about 120 to 390 ft/d (Ackerman, 1989; Krinitzsky and Wire, 1964). 
In the initial stages of model development, an average hydraulic conductivity 
value of 300 ft/d was used to represent the hydraulic conductivity of the 
alluvial aquifer, as had been done by Ackerman (1989), Peralta and others 
(1985), and Broom and Lyford (1981). The hydraulic conductivity value was 
varied nodally during the calibration process to obtain an accurate 
representation of the geohydrologic system, but most values remained within 
about 5 percent of the original estimated value.



If the hydraulic conductivity of an aquifer varies with the direction of 
measurement, the aquifer is anisotropic. In this investigation, there were no 
field measurements of the anisotropy of the alluvial aquifer; and the aquifer 
was assumed to be isotropic. The model was developed accordingly.

To facilitate the input of data into the model, each active cell was 
classified as being in a particular county and drainage basin. Maps showing 
the county and basin cell designations are shown in plates 5 and 6, 
respectively. The numeric value assigned to each basin (plate 6) identifies 
cells in the boundary (IBOUND) array of the flow model. By convention, the 
two-digit value beginning with eight indicates a nonriver cell value, whereas 
those beginning with nine indicate a river cell. For example, 83 represents a 
nonriver cell in the Cache River basin and 93 represents a river cell in that 
basin. This convention allowed for ease of input-data modification during 
calibration. All input data except pumpage values are given in Appendix 1.

Calibration Procedure

Calibration tests were made on both the steady-state and transient models 
to insure that the final model adequately represented the stress-response 
relation that exists in the alluvial aquifer. The calibration procedure 
involved a trial and error process in which the hydraulic parameters such as 
conductance of streambed and confining layers, hydraulic conductivity, and 
aquifer storage coefficients (transient simulation only) were varied within 
plausible limits until a suitable match was obtained between computed and 
observed water levels. Water-budget terms in the model were monitored to 
assure their values were reasonable.

Steady-State Calibration

The initial calibration process involved development of a steady-state 
model to evaluate the validity of the conceptual model framework. The steady- 
state model procedure and the various types of input data required are shown 
in figure 1.

The steady-state model was calibrated using estimated pumpage values for 
1970 to stress the system. Pumpage for 1970 was used because pumpage and 
water-level conditions were relatively stable during this period. Model 
generated water levels were compared with water levels measured in 1972, the 
end of the period of uniform pumpage, to determine the "goodness of fit" and 
the adequacy of the model.

The difference between the head value computed by the model and the 
observed water level were computed for each cell in the model (plate 7). Most 
computed values were less than about 6 feet below (+) or above (-) the 
observed level. An evaluation of the reasonableness of recharge rates (plate 
8) also was used as a criteria for calibration. The very low recharge rates 
(generally less than 1 inch) for the Grand Prairie are appropriate for the 
thick confining layers that exist in that area.



INITIAL
WATER SURFACE 

(AR.72WL)

CONFINING LAYER
CONDUCTANCE

(RIVER)
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REPRESENTATION 
OF FLOW SYSTEM

NOTE: NAME IN PARENTHESIS IS 
FILE NAME OF MODEL DATASETS

COMPARE

Figure 1.--Flow diagram of digital-model procedure for
steady-state calibration.



Transient Calibration

Calibration of the transient model basically involved the operation and 
modification of the steady-state model to a transient mode, with the intro 
duction of confined and unconfined aquifer storage coefficients and varying 
pumpage with time (fig. 2). The transient simulation evaluated the dynamic 
operation of the aquifer through a series of seven stress (pumping) periods 
beginning in 1917. All but the first represented a 5-year time period.

Initial water-level conditions for the transient calibration were assumed 
because the only predevelopment-potentiometrie surface available for the allu 
vial aquifer is an estimate resulting from previous model simulations. Broom 
and Lyford (1981) published a model generated predevelopment-potentiometrie 
surface map of the eastern Arkansas alluvial aquifer that showed water levels 
in wells unaffected by pumping generally were less than 20 feet below land 
surface and the predevelopment surface generally conformed to the slope and 
land surface. Initial water levels were set at 5 feet below land surface in 
each model cell for this model simulation.

Stress periods and total pumpages used in the transient model are given 
in table 1. Pumpages were distributed uniformly, by county, over the active 
model cells after eliminating those cells in which the predominant land use, 
for example forest, urban area, or lakes, precluded the withdrawal of ground
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water. Uniform values of 0.3 and 10 were used as the storage coefficient
for unconfined and confined conditions, respectively.

Table 1. Total pumpages per stress period used in the 
transient model calibration

_
Stress period Interval Pumpage x 10

(ftVday)

1
2
3
4
5
6
7

1917-1957
1958-1962
1963-1967
1968-1972
1973-1977
1978-1982
1983-1987

0.86950
1.3483
1.7483
1.6486
2.5186
4.3891
4.2097

The difference between computed head values for each of the stress 
periods and observed water-level measurements in observation wells were 
computed for 19 different locations in the study area. The locations were 
selected in both overdeveloped and unstressed areas. Comparisons of computed 
and observed heads for selected sites in five of the basins are shown in 
figures 3 through 7. Some of the largest differences between observed water 
levels and computed heads exist in Bayou Meto basin (fig. 6), where large 
variations of clay thickness occur and water levels are more sensitive to 
pumpage distributions. These comparisons were used as part of the transient 
model calibration procedure.



UNCONFINED
AQUIFER STORAGE

COEFFICIENT
(BCF)

STRESS: TIME- 
VARYING PUMPAGE 
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MODEL
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NOTE: NAME IN PARENTHESIS IS 
FILE NAME OF MODEL DATASETS

Figure 2.--Flow diagram of digital-model procedure for 
transient-state calibration.
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Sensitivity Analysis

Calibration of a digital model does not produce a unique solution or 
representation of the ground-water system modeled. Consequently, there is a 
degree of uncertainty concerning the choice of input parameter values. It is 
desirable, therefore, to test the sensitivity of the model to changes in input 
parameters within reasonable upper and lower limits for each parameter.

The process of sensitivity analysis involves uniformly varying one 
parameter from the calibrated model while all others remain unchanged. 
Although exact results of head changes can be meaningful, relative changes in 
head can provide insight as to the degree to which a change in a given 
parameter may affect the results of any simulation. The model is rerun in the 
same manner as the calibrated run, and changes in output head between the 
calibrated model and the sensitivity run for the changed parameter are noted. 
Large differences in head between the calibrated output and the output from 
the sensitivity run indicate that the model is very sensitive to the magnitude 
of change of that parameter at that node. Conversely, small head differences 
indicate insensitivity of the model to the magnitude of change of the 
parameter in the sensitivity run.

For the steady-state alluvial aquifer model, values defining hydraulic 
conductivity, isotropy, riverbed conductance, and pumpage were each changed 
from their steady-state value to note the sensitivity of the model to that 
change. The values were modified as shown below:

Hydraulic conductivity   4-100 percent
  -33 percent 

Anisotropy   3:1
~ 1:3

Riverbed conductance   ±25 percent 
Pumpage   +10 percent

Figures 8 through 10 illustrate the comparison between the steady-state 
and the sensitivity run heads along the specified row or column of nodes. As 
indicated in the illustrations, the model is sensitive to hydraulic 
conductivity in the Grand Prairie but is less sensitive to changes in this 
parameter in other parts of the model. The model shows the greatest 
sensitivity to changes in riverbed conductance, and thus recharge, on the west 
side of Crowleys Ridge along row 25 near columns 26 through 30.

The anisotropy factor in the modular model (McDonald and Harbaugh, 1984) 
is the ratio of hydraulic conductivity along a column to hydraulic 
conductivity along a row. Changes from isotropic conditions to anisotropy 
ratios of 3:1 and 1:3 show some sensitivity of the model in highly stressed 
areas. The sensitivity of this parameter generally is similar to that for 
hydraulic conductivity. Changes in pumpage show the model is most sensitive 
to change where historic pumpage has been the greatest. Increasing pumpage by 
10 percent has a lesser effect than decreasing riverbed conductance by 25 
percent.
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Figure 8.--Sensitivity of calibrated steady-state model to 
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EVALUATION OF THE EFFECTS OF PUMPING

Predevelopment Conditions

Before describing existing and projected saturated thicknesses of the 
alluvial aquifer, it is appropriate to briefly discuss predevelopment 
conditions in eastern Arkansas. Predevelopment potentiometrie surfaces have 
not been estimated and documented with the exception of the results of a model 
simulation study by Broom and Lyford, 1981. Broom and Lyford (1981) also 
describe the data used to generate the map and state that generally the water 
levels in wells unaffected by pumpage are less than 20 feet below land 
surface. Generally the predevelopment surface is presumed to have followed 
the slope of land surface. Consequently, ground water would have flowed 
southward toward the major rivers such as the Arkansas, Mississippi, St. 
Francis, and White. The aquifer probably was fully saturated until the onset 
of pumping in the Grand Prairie.

The earliest records of significant withdrawals are from about 1910 in 
Arkansas County in the Grand Prairie. Declines in water levels were 
documented in 1929 (Engler and others, 19^5) occurring in this same region as 
a result of irrigation.

As the use of ground-water resources has increased, the direction of 
ground-water movement has been altered and the aquifer no longer discharges to 
the rivers in many areas, but is recharged by them. As an example, in 
predevelopment time when the aquifer was fully saturated, the alluvial aquifer 
most likely discharged to the Arkansas River. However, recent model 
simulations indicate that recharge from the river to the aquifer in the Grand 
Prairie area was about 7,500,000 ftVd in 198? (D.J. Ackerman, U.S. Geological 
Survey, written commun., 1988). This flux into the aquifer is a result of the 
declining saturated thickness of the alluvial aquifer in the Grand Prairie, 
where many farmers have experienced wells going dry.

Saturated Thicknesses and Critical Areas

Measured saturated aquifer thickness in 1982 is shown in plate 9. 
Although no critical areas (areas where the saturated thickness of the aquifer 
is less than 20 feet) resulted during model simulation, some localized areas 
of less than 20 feet of saturation may have existed. The potentiometric sur 
face calculated for each cell in the model is an average potentiometric sur 
face and does not reflect local critical areas caused by a single or several 
closely spaced pumped wells. Some localized critical areas of less than 20 
feet of saturation have been identified in the Grand Prairie area by Plafcan 
and Edds (1986).

Projected Saturated Thicknesses

The principal application of the transient model in this study is to make 
use of its predictive capability to project the effects of future increased 
ground-water withdrawals on the saturated thickness of the aquifer. The
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projections made for this study are based on estimated irrigation-water needs 
and pumpage for the period 1990 to 2040 (U.S. Soil Conservation Service, 
1987). The pumpage for each decade was applied to the model and simulated for 
10 years. Heads were calculated at the end of each decade, based on the 
pumpage at the beginning of that decade, and saturated aquifer thickness was 
then determined.

Projected water-needs data were developed on the assumption that 95 
percent of all available land, except for wetlands and urban areas, would be 
placed in production by 2040 and that the land would be irrigated according to 
a traditional crop-rotation scheme. The projections were based on the 
distribution and magnitude of 1982 water use uniformly extrapolated to the 
level of irrigation estimated for the year 2040.

The water-use projections provided by the U.S. Soil Conservation Service 
for 1990 and beyond did not include a breakdown of the sources of irrigation 
water. For this study it was assumed that the same amount of surface water 
used in 1982 would be used in future years. To determine projected ground- 
water requirements for each cell, the 1982 surface-water use was subtracted 
from the projected total water requirements. Inasmuch as future water needs 
may be satisfied in part by the increased use of surface water, the projec 
tions developed herein may be conservative and model results may indicate a 
larger area of critical ground-water levels than actually may exist.

Two types of water-needs projections were estimated by the U.S. Soil 
Conservation Service. One type was based on continued use of current irri 
gation schedules without imposition of any conservation measures. The other 
type was with imposition of conservation measures and was based on modifica 
tions to current irrigation practices. Total pumpage without and with con 
servation measures imposed are given in table 2. Both types of data were used 
to stress the transient model. Initial conditions for projection simulations 
were measured 1982 water levels. Pumpage from the transient calibration's 
stress period 7 was used to stress the aquifer until 1990 when the projected 
pumpage in table 2 was applied.

Table 2. Total projected pumpages used per decade to stress the
calibrated flow model

_ 
Pumpage x 10 (ft 3 /day)

Interval

1990-2000
2000-2010
2010-2020
2020-2030
2030-2040
2040-2050

Without conservation

6.8883
7.7934
9.0859
10.1440
11.2300
12.3160

With conservation

6.2026
6.5047
6.9486
7.3257
7.6646
8.0032

Model simulations show there are three areas in which critical cells may 
develop as a result of projected pumpage, both without and with conservation 
measures. Saturated thickness in the Grand Prairie area diminished to 
critical levels by the year 2000 in the model simulations. The critical area
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extends laterally to the northwest during the simulation period and reaches 
the western boundary near the Little Red River by the end of the simulation 
(2050).

The second major area where saturated thickness is projected to decline 
to less than 20 feet is west of Crowleys Ridge near the southern end of the 
ridge. In the model the critical area would include parts of St. Francis, 
Cross, Poinsett, and Craighead Counties by the year 2050 without conservation 
measures. The area was projected to be much smaller when conservation 
measures were applied to the projected pumpage.

The third area of critical saturated aquifer thickness was projected to 
develop east of Crowleys Ridge beginning in Cross and Crittenden Counties 
during model simulation. By the year 2050 the simulated critical area is pro 
jected to extend to include St. Francis and Poinsett Counties if conservation 
measures are employed and would include Mississippi County if conservation 
measures are not used.

Other smaller critical areas such as in the Bayou Meto basin and adjacent 
to the western boundary developed during model simulation of projected 
pumpage. The number of cells in which saturated thickness reached critical 
levels during the simulation period are listed in table 3 for pumpage without 
and with conservation practices.

Table 3. Number of critical cells resulting from projected
pumpage simulations

Total number of critical cells 
Time period_____________Without conservation With conservation

1990
2000
2010
2020
2030
2040

- 2000
- 2010
- 2020
- 2030
- 2040
- 2050

25
75
175
268
341
405

25
51
88
139
181
210

Plates 10 through 21 show the saturated thickness of the aquifer at the 
specified date, without and with conservation practices in place, and the 
cells in which 20 feet or less of saturated thickness remain. Because of the 
continued increase in pumpage during the simulation period (1990 to 2040), the 
numbers of cells becoming critical increases each decade. However, with 
conservation measures, the number of critical cells is less than that without 
conservation during any given decade. The simulations indicate that by the 
year 2050, pumpage without conservation will create critical areas in excess 
of 26 percent of the model area (422 cells). Simulations using pumpage with 
conservation indicate that by the year 2050, 258 or over 16 percent of the 
active cells will have saturated thicknesses less than or equal to 20 feet. 
The reduction in the number of critical cells when using conservation measures 
is particularly evident during the stress periods using pumpage estimates for 
the years 2030 and 2040.
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It should be noted that the critical cells described previously account 
for cells that have 20 feet or less of saturated thickness and also for cells 
that "went dry" during the stress period in the model simulation. Cells that 
go dry during the simulation did so because there was more water removed from 
that cell than was added by lateral flow and recharge. This condition would 
not occur in the field because complete dewatering of an aquifer would be 
accomplished only at a local scale (at a well site). When dewatering occurs, 
either completely or to some level below the top of the screen, pumping 
typically ceases or is diminished, thus allowing natural recharge processes to 
rewater the aquifer.

Model simulations for this project did not allow for revival of the 
aquifer, an effect resulting from eliminating or decreasing pumpage from one 
stress period to the next. The version of the model code (McDonald and 
Harbaugh, 1984) used for these simulations does not allow for rewetting or any 
flow into or out of the cells once it has gone dry. Cells that went dry 
during a stress period of the simulation had the same effect on the aquifer as 
a no-flow boundary condition. Consequently, no flow is associated with the 
cell, and the flow components imposed in the input data, pumpage and recharge 
for example, were not accounted for in the overall budget of the simulation.

SUMMARY

The Eastern Arkansas Region Comprehensive Study (EARCS) is a multiagency 
investigation that began in 1985 and is comprised of work activities by the 
U.S. Army Corps of Engineers, Memphis District; the U.S. Soil Conservation 
Service; the Arkansas Soil and Water Conservation Commission; the U.S. 
Geological Survey; and the University of Arkansas. The primary objective of 
the EARCS is the determination of the feasibility of developing hydraulic 
structures for supplying irrigation water from surface sources for use in 
areas of potential ground-water deficiency. To aid in accomplishing this 
objective, the U.S. Geological Survey developed and calibrated a digital model 
to simulate the ground-water flow system of the Mississippi River Valley 
alluvial aquifer. The flow model also was developed to aid in the definition 
of critical areas to the year 2050 resulting from pumpage projections to the 
year 2040.

The alluvial aquifer in eastern Arkansas is composed of two units a 
confined aquifer, consisting of coarse sand and gravel grading upward to fine 
sand, overlain by an upper confining unit, composed of clay, silt, and fine 
sand. Abrupt lateral variations in lithology result in spatial variations in 
the infiltration potential of the upper confining unit as well as the 
transmissive character of the aquifer. Recharge to the aquifer principally is 
from precipitation but is supplemented by infiltration from streams, 
particularly from those that have substantial hydraulic connection with the 
aquifer. Ground-water movement in the aquifer generally is southward but 
locally is toward streams and toward areas of large withdrawals.

A steady-state model was developed to simulate the potentiometrie surface 
of the alluvial aquifer under equilibrium conditions and to quantify the flows 
into and out of the aquifer. Boundaries for the model consist of a constant- 
head boundary near the Arkansas-Missouri State line, the Mississippi River on
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the eastern side, the Arkansas River on the southern side, and a simulated no- 
flow boundary representing the Paleozoic and Tertiary rocks on the western 
side. The Mississippi and Arkansas Rivers potentially provide an unlimited 
source of water to the aquifer and emulate a constant-head boundary condition. 
Crowleys Ridge functions as a barrier to ground-water movement in the north- 
central part of the aquifer and is, consequently, simulated as a no-flow 
boundary.

Nonsteady-state simulations were made to further understand the ground- 
water flow system and also to make estimates of the saturated thickness of the 
aquifer to the year 2050, based on estimates of pumpage through the year 2040 
made by the U.S. Soil Conservation Service. Critical areas where saturated 
aquifer thickness decreased to less than 20 feet were determined. Model 
simulation indicates that without conservation measures, projected pumpage in 
the year 2050 is expected to create critical areas of less than 20 feet of 
saturation in 422 of the 1,595 active cells in the model. With conservation 
measures the number of critical cells in the model is projected to be 258. 
Three principal areas of concern were determined based on these simulations - 
the Grand Prairie area and areas to the east and to the west of Crowleys 
Ridge.
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APPENDIX 1   MODEL INPUT DATA USED FOR CALIBRATION AND PROJECTED PUMPAGE SCENARIOS

U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL
EASTERN ARKANSAS COMPREHENSIVE STUDY 

1 LAYERS 70 ROWS 52 COLUMNS 
MODEL TIME UNIT IS DAYS

9
32

I/O UNITS:
ELEMENT OF IUNIT: 1234567 

I/O UNIT: 31 56 0 55 0 0 0
BAS1 -- BASIC MODEL PACKAGE, VERSION 1
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL BE SAVED
40390 ELEMENTS IN X ARRAY ARE USED BY BAS 
40390 ELEMENTS OF X ARRAY USED OUT OF 330000

BCF1 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 1
STEADY-STATE SIMULATION
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 48 

LAYER AQUIFER TYPE

10
0

1 1
0

12
62

13
0

14
0

15
0

16
0

1 7
0

18
0

19
0

20
0

21
0

22
0

23
0

24
0

12/08/83 INPUT READ FROM UNIT

12/08/83 INPUT READ FROM UNIT 31

1 3
13417 ELEMENTS IN X ARRAY ARE USED BY BCF
53807 ELEMENTS OF X ARRAY USED OUT OF 330000

WEL1 -- WELL PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM 56 
MAXIMUM OF 1522 WELLS

6088 ELEMENTS IN X ARRAY ARE USED FOR WELLS
59895 ELEMENTS OF X ARRAY USED OUT OF 330000

RIV1 -- RIVER PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 55 
MAXIMUM OF 1574 RIVER NODES
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 48 

9444 ELEMENTS IN X ARRAY ARE USED FOR RIVERS
69339 ELEMENTS OF X ARRAY USED OUT OF 330000

SIP1 --STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 12/08/83 INPUT READ FROM UNIT 3 
MAXIMUM OF 310 ITERATIONS ALLOWED FOR CLOSURE
5 ITERATION PARAMETERS
19133 ELEMENTS IN X ARRAY ARE USED BY SIP
88472 ELEMENTS OF X ARRAY USED OUT OF 330000 

EASTERN ARKANSAS COMPREHENSIVE STUDY : STEADY-STATE SIMULATION

1-2
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